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I. INTRODUCTION 

The signal to noise ra t io  of a coherent signal superimposed on 

incoherent noise can be improved by a factor of n i f  n runs of the 

composite signal (coherent signal and incoherent noise) a r e  added 

synchronously. 

will increase  by a factor  of n whereas the coherent signal power will 

increase  by a factor of n squared. 

The reason for  this is that the incoherent noise power 

As a radio telescope scans a smal l  source a t  constant velocity the 

output of the receiver  will be Gausian distributed but a s  many scans a r e  

summed the signal will appear a s  shown in Fig.  1. Of course  the output 

of a single scan will be well defined only if the signal to noise ra t io  out 

of the receiver  is high. 

lengths,  the signal to noise ra t io  of a single scan may  be l e s s  than unity 

and a summing method is needed to inc rease  the signal to  noise ra t io .  

In practice,  par t icular ly  at mil l imeter  wave- 

In o rde r  to accomplish the summation of numerous scans ,  the r e -  

ce iver  output must  be  sampled a t  regular t ime intervals during a scan 

and the summation performed on corresponding t imes  of successive 

scans .  

water  vapor content of the atmosphere which invalidate cer ta in  scans ,  

it  is necessary  to obtain a visual record of each scan,  

Because of disturbing factors such a s  clouds o r  rapid changes in 

I n  the past ,  paper char t  records have been sampled and numerical  

summation performed. This is a very tedious process  and subject to 

-1- 



2 

T- 



3 

some e r r o r  in data readoff.  

device for  automatically processing the data f r o m  the rece iver .  

I t  i s  the purpose of this study to develop a 

The requirements  of this device a r e  1) to sample the data ,  2 )  to 

s to re  the data f o r  comparison with la te r  scans ,  3 )  to sum data f rom 

corresponding t imes of a large number of scans ,  and 4) to present  the 

composite scan. 

these functions a t  the receiver  site with a minimum of components. 

The unique requirement of the device is t o  perform 

A block diagram of the device described in this thesis  is shown in 

F i g .  2. 

, The t r igger  determines the instants when samples  of the signal a r e  

taken. 

negative pulse to the analog to digital converter.  

In i t  a motor driven cam-microswitch assembly  produces a shor t  

The analog to digital converter consists of a galvanometer driven 

by the signal which directs  a light beam on a s e r i e s  of photodiodes which 

gate the pulses out of the t r igger .  

In  the c rossbar  dr ive t ransis tor ized monostable multivibrators 

t r iggered  by pulses out of the converter control the select  re lays  of the 

c r o s s b a r .  

the hold relays of the c ros sba r .  

Drive amplif iers  controlled by the t r igger  assembly dr ive 

The c rossba r  s to re s  the information of one scan  and controls the 

The reg is te r  consists of r eg i s t e r  which displays the composite scan.  

500 magnetic counters a r ranged  i n  20  columns of twenty-five each. 
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11. ILLUSTRATION OF THE SUMMING TECHNIQUE 

To define the signal in Fig.  1, 20 samples  of the signal a r e  taken 

as shown in the figure.  

in order  that  in succeeding scans each sample can  be compared to i t s  

respective sample in previous scans. 

by the following method: 

Each of the samples  is to be s tored separately 

Each of the samples  is compared 

Consider the case  where the signal level is digitized into 25 equal 

pa r t s .  

the levels of the n ' th sample of the s e r i e s  of scans be: 19, 12, 18, 15, 

11, 16, 14, 18, 13, 18. 

Choose the example where 10 scans a r e  made on the signal and 

Consider now a column of 25 counters fo r  the n'th sample,  each 

counter represents  a level of the signal and each counter i s  so  wired 

that all counters below the matching signal level advance one count on 

command for the n'th sample of each scan.  F o r  the n ' th sample of the 

10 scans:  all counters below and counter 11 will read  10 because that 

leve l  was always equalled o r  exceeded and counter 20 and all above it 

will  read  0 because these levels were never equalled. 

resul t ing counter display a f te r  10 scans .  

Fig.  3 shows the 

Note the median value i s  between 15 and 16 because that level was 

equalled o r  exceeded half the time o r  5 t imes  out of the 10. 

value will b e  the most  probable value of the signal. 

The median 

The other 19 samples will be processed  in the same manner  in 19 

o ther  columns of counters.  
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111. DESIGN 

Data s torage t imes of the order  of hours  with an  accuracy of 27‘0 

a r e  required of the system. Digital processing was therefore  selected.  

The first instrumentation requirement was an  analog to digital con- 

v e r t e r .  Several  types of converters were  considered. F o r  instance 

a digital voltmeter was considered and rejected because of cost  and 

complication of AND and OR gates necessary  to  obtain the 50 pieces of 

information required fo r  a n  accuracy of 27‘0. 

was considered and rejected because of cost  and difficulty of manufacture. 

The galvanometer-photodiode converter was selected a s  the most  

efficient method considering reliability, cost ,  availability of pa r t s ,  

and visual display. 

A servo  driven commutator 

A sys tem frequency response of 5 cps for  the spectrum analyser  was 

selected as suitable for processing the data of those observations requiring 

the u s e  of the analyser .  

integrating network of t ime constant 1 second. ) 

(5 cps to  faithfully reproduce the signal out of an  

A block diagram of the system i s  shown in  F i g .  2 and a complete 

sys t em drawing in Fig.  11. 

samples  a r e  taken. 

signal into digitized form.  

run,  the information of which can then be  inser ted into the counters of 

the r eg i s t e r .  

The t imer  determines the instants when 

The analog to digital converter  changes the input 

The c rossbar  s to re s  the information of one 
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The t imer  consis ts  of: 1) a ser ies  of microswitches actuated by c a m s  

driven by a synchronous motor ,  2 )  associated c i rcu i t ry  to produce a 

negative pulse when the appropriate microswitch opera tes ,  3 )  three 

magnetic readout counters controlled by the aforementioned pulses,  and 

4) a solenoid driven motor  stop controlled by the readout counters,  

Because sampling intervals  as long a s  30 seconds were  required 

the motor  driven cam-microswitch arrangement  was used. 

has  obvious advantages over other methods considering simplicity and 

cost .  

This method 

As each run consis ts  of 20  samples,  each of which must  be s tored  

separately,  magnetic readout counters were  considered the best  way to  

count sampling pulses.  

the 20  pulses and a l so  determine where each sample is s tored.  

The readout counters could then be used to count 

The analog to digital converter consists of a m i r r o r  galvanometer 

which d i rec ts  a light beam on a ser ies  of photodiodes. 

i s  dr iven by the input signal and the photodiodes ac t  a s  gates for the 

negative pulses out of the t imer .  

The galvanometer 

The galvanometer required a period of 0 . 2  seconds by the fact  that 

the maximum interesting frequency was five cycles per  second. 

photodiodes had to have a high on-off impedance rat io  and a fas t  response 

t ime  under conditions of 0 to 150 degrees Fahrenhei t .  As the minimum 

on-off t ime of a single photodiode is 4 milliseconds (0 .2  sec .  /50 photo- 

The 
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diodes) a response t ime  of 0 . 4  milliseconds was desirable  to allow t ime 

for  a t r igger  pulse to pass .  

The c rossba r  dr ive consists of t rans is tor ized  multivibrators and 

dr ive amplif iers  to dr ive the select re lays  of the c ros sba r  and drive 

amplif iers  to  dr ive the hold relays.  

by the pulses out of the converter and the hold circui ts  a r e  controlled by 

the readout counters . 

The select  c i rcu i t s  a r e  controlled 

The crossbar  consists of two s tandard 10 x 10 c r o s s b a r  switches 

with six pa i r s  of contacts per  position. 

a shor t  t e r m  memory because of cost  and reliabil i ty,  

The c rossba r  was selected for 

Another method was considered a t  first. It consisted of 500 

capaci tors  charged through diodes each of which would advance its 

respect ive reg is te r  counter by one at the end of the run. This method 

was rejected,  however, when it was found that 125 microfarad  capacitors 

w e r e  needed and electrolytic capacitors would not hold their  charge for 

the t ime required (8 minutes).  

The reg is te r  consists of 500 magnetic counters a r ranged  in 2 0  columns 

The counters were  selected because of their  low cost ,  com- of 2 5  each. 

pact s ize ,  and low power requirement.  

The reg is te r  is controlled by the c ros sba r  and the reg is te r  re lay.  

The counters a r e  wired so that all counters in  a column below that one 

se lec ted  by the c ros sba r  will advance with the operation of the regis ter  

r e l ay  . 
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Twenty samples  of the input signal a r e  taken on each run,  each of 

which is s tored in one of the 2 0  hold columns of the c ros sba r .  The select  

re lays  of the two c rossba r  switches a r e  connected in paral le l  producing 

i n  effect one 10 x 20 c rossba r .  

information out of the converter .  

The 10 select  re lays  read  the digital 

At the end of the run  the regis ter  button may be depressed thereby 

putting the information s tored in each of the 20  hold columns of the 

c ros sba r  in  its respective column of reg is te r  counters.  

the r e l ease  button may be depressed removing all information f rom the 

c r o s s b a r  . 

Alternately 
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IV. INSTRUMENTATION DETAILS AND OPERATING PROCEDURE 

There  a r e  six cam driven microswitches driven by the two RPM 

synchronous motor.  The cams  have 1 ,  2 ,  3 ,  6,  10, and 15 lobes r e s -  

pectively so that sample intervals of 30, 15, 10, 5 ,  3 ,  and 2 seconds 

a r e  available. The sample interval selector  switch selects  which of 

these six microswitches a r e  used. The -24  volts switched by these 

switches operates  a t r igger  circuit which produces a 2 millisecond 

negative pulse.  The t r igger  circuit is  disabled by the ground furnished 

by the readout counters a t  the count of 2 0  and enabled again by depressing 

the s t a r t  button which removes this ground. 

The stop solenoid is energized to  s t a r t  the synchronous motor .  

is a l s o  controlled by the 20th count of the readout counters and the start 

button. 

It 

The three  readout counters a re  magnetic counters with electr ical  

readout terminals .  

a t  the count of nine and a r e s e t  switch which opens a t  the count of ze ro ,  

They a r e  driven by the amplified output of a 0 . 2  monostable multivibrator 

t r iggered  by the pulses out of the tr igger circuit .  

counters  advance only on re lease  of their  a rma tu res  the readout i s  in effect 

lagging the t r igger  by 0 . 2  sec .  

the c r o s s b a r  to operate  before the hold relays a r e  energized. 

They a r e  equipped with a t ransfer  switch which closes  

As the readouts of these 

This allows t ime for the select  re lays  of 
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The ready light lights when the readout counters a re  in the start 

position (i. e. 000, 200, 400, 600,  800).  

The r e s e t  button applies -24 volts to  the inputs of the three  readout 

counters through each 's  respective r e s e t  contacts. 

counters can be se t  to ze ro  by a maximum of nine operations of the 

r e s e t  button. 

By this method all 

The A - D  converter  m i r r o r  galvanometer has  a period of 0 .2  sec .  

T h e r e  a r e  50 photodiodes arranged around the galvanometer to gate 

the 2 millisecond pulse f rom the tr igger c i rcui t .  

of 2%. ) The photodiodes illuminated by the light beam f rom the 

galvanometer a r e  low impedance (4 Kohms o r  lower) allowing the t r igger  

through. 

(50 for  a n  accuracy  

Only 25 outputs a r e  taken from the 50 photodiodes to reduce the 

cos t  of the reg is te r .  Which 25 is determined by which range plug is used. 

The expand plug paral le ls  adjacent diodes into pa i r s  thereby resolving the 

signal into 4% accuracy;  the low plug uses  diodes 1-25; the mid plug uses  

diodes 14-48; the high plug uses  diodes 26-50. 

the signal to 2QIo. 

The la t ter  th ree  resolve 

It was considered necessary to provide a short  t e r m  memory to 

s t o r e  the information of one run  in o rde r  that the information of the l a s t  

run  may  o r  may not be inser ted  into the reg is te r  a t  the discretion of the 

opera tor .  

pur po s e .  

Two telephone crossbar  switches were  selected for this 
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Each of the two c rossba r  switches consist  of 

pa i r s  of contacts per  position. (See Fig.  4) The 

100 positions 

positions a r e  

with s ix  

a r ranged  

in a 10 x 10 ma t r ix  and are  controlled by 10 select  re lays  and ten hold 

re lays .  Each of the select  and hold re lays  a l so  control two pa i r s  of 

auxiliary contacts which operate when its  respective relay operates .  

Each select  re lay operates  a n  a r m  which selects  one of 10 rows of 

positions which can be  operated.  

Each hold relay actuates an  arm which operates  those positions selected 

by the select  re lays  in that particular hold column and holds those 

positions operated regard less  of succeeding actuation or  deactuation 

of any of the select  re lays .  

by releasing its associated hold relay. 

(They do not operate the positions, ) 

Therefore a position can be re leased  only 

I t  should be noted that the 60 pa i r s  of contacts associated with each 

hold column of positions a r e  not independent but a r e  internally connected 

as shown on the sys tem drawing (Fig. 11). 

The reg is te r  consis ts  of 500 magnetic counters with manual r e s e t  

a r r anged  in 20 columns of 2 5  each. 

and the reg is te r  re lay .  

counters  and the reg is te r  re lay  furnishes - 2 4  volts to all counters ,  

r eg i s t e r  re lay is controlled by the reg is te r  button. 

They a r e  controlled by the c ros sba r  

The crossbar  furnishes a ground to the proper 

The 

As there  a r e  25 pieces of information to be s tored  for each sample 

(25  outputs f rom the range plug) and only 10 select  re lays ,  m o r e  than 

one re lay  must  operate  to s to re  some pieces of information. OR gates 



14 

CROSSBAR SWITCH 

FIG. 4 .  



15 

a r e  used to channel this information to the proper select  re lays  a s  shown 

on the system drawing. 

F o r  proper  storage of the information out of the converter :  first the 

select  re lays  must  operate,  second the proper  hold re lay  must  operate 

and hold, and third the select  relays must  re lease  to make ready for  

the next sample.  

with a 0 . 4  sec .  monostable multivibrator,  

on the hold relays a r e  wired in to keep the hold relays energized, 

This i s  accomplished by operating the select  re lays  

One se t  of auxiliary contacts 

As it is possible for  two photodiodes to be illuminated at  the same 

t ime provision must  be made to select one of them. 

means  of a cutoff c i rcui t  to adjacent select  multivibrators ( see  system 

drawing). In this way should two adjacent multivibrators b e  t r iggered 

the negative voltage on the collector of one (which is wired to the base  

of the second t rans is tor  of the adjacent multivibrator) will re lease  the 

adjacent multivibrator within 0. 1 s ec .  

hold relay operates .  

This is done by 

This is sufficient t ime before the 

A re l ease  button is provided to r e l ease  all hold re lays .  It removes 

- 2 4  volts f rom all hold relays.  

An option is provided to obtain the spectrum of a single signal. 

Replacement of the r ed  program plug with the gray one accomplishes this .  

This  is done by storing a l l  twenty samples  in one column of the reg is te r  

counters  . 
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Replacement of the plugs resul ts  in: 1) removal of - 2 4  volts f rom all 

hold relays except number one, 2 )  control of hold re lay  one is switched 

f rom the readout counters and hold contacts to a 0 . 4  sec .  monostable 

multivibrator delayed f rom the tr igger pulse by 0 . 2  s e c ,  (accomplished 

by t r iggering the 0 . 4  sec .  multivibrator by the differentiated and rectified 

output of the readout counter drive),  3)  one se t  of auxiliary contacts on 

hold re lay  one is used to t r igger  a 0. 1 sec.  monostable multivibrator 

the amplified output of which applies - 2 4  volts to all reg is te r  counters 

in column one. Therefore each sample resul ts  in the operation of the 

proper  select  re lays  a s  before,  the operation of hold relay one a f te r  

0 . 2  seconds,  the application of -24  volts for  0.  1 second to the reg is te r  

counters of column one, and the release of the c ros sba r  0 . 6  seconds 

a f te r  the initial t r igger  pulse. The system is then ready for  the next 

sample which will be s tored  by the same  procedure.  
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V. SPECTRUM ANALYSER TEST AND PERFORMANCE 

The system was driven by  a noisy cosine driving voltage of period 17 

seconds,  10 seconds, and 4.45 seconds. The resu l t s  a r e  shown in Fig.  5, 

6 ,  and 7. The noise was caused by 

roughness and unsymmetr ies  of the s ine potentiometer used to generate 

the voltage and a degree of randomness of the phase of the driving voltage. 

As the system works well for  a driving voltage of period 4.45 sec .  it will 

operate  well for  a signal whose maximum frequency component's period 

i s  15 seconds. 

operation of the system. 

Ten runs were  made for each period. 

This is the maximum frequency expected in normal  
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VI. DISCUSSION 

It might be thought that this  method of increasing the signal to noise 

ra t io  is not needed and that a l imitless improvement in the signal to noise 

ra t io  can be obtained by simply filtering the noise f rom the signal with 

elementary RC networks. Extending the integration t ime of the radiometer  

yields diminishing improvement in signal to noise ra t io  for  long integration 

periods because of the increasing noise amplitude as a function of de- 

c reas ing  frequency in radio telescopes. 

caused by slow fluctuations i n  gain and slow variations in  local oscil lator 

frequencies.  

This low frequency noise i s  

Modulating the signal f rom the source  by pointing "on" and "off" the 

source  o r  by scanning a c r o s s  the source will displace the frequencies 

containing information to higher frequencies of the radio telescope noise 

spectrum. Dsnnluduktiari GY ck r e c t n r i t l ~ n  i n  reqnired of the modulated 

signal f rom the source.  

the "on" and "off" data or  the scans a c r o s s  the source.  

This is accomplished by synchronously averaging 

The major  advantages of this system a r e :  

By allowing many runs to be  made on a source it increases  

the effective integrating time of the signal while the signal is 

heterodyned out of the low frequency noise of the rece iver .  

It furnishes the operator with an instant indication of t11,~ 

signal to noise ratio of the composite signal of a l l  previous 

runs on a source .  
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It saves many man-hours of processing data manually. 

Should it become desirable to use a sys tem such as this at much faster 

sampling ra tes  major  modifications must  be made.  The use  of the c r o s s -  

b a r  l imits  the sampling interval to about 0 .  5 seconds. As the ma jo r  cost  

of this system l ies  in the r eg i s t e r ,  doubling the cost  of the converter and 

shor t  t e r m  memory  resul ts  in a relatively smal l  increase in total cost. 
t 

The use  of a small and fast  galvanometer such as used in  optical 

r eco rde r s  and small fast photodiodes would increase  the speed and decrease  

the s i ze  of the converter .  This would a t  l eas t  double the cost of the con- 

v e r t e r  and increase  i ts  complexity because temperature  compensation 

would probably be required for the photodiodes. 

The shor t  t e r m  memory  would probably consist  of 500 capaci tors  

charged through diodes. 

reg is te r  to advance it a t  the end of each run. 

rates the time required for the short  t e r m  memory  to  remember  will be  

decreased  and cheap electrolytic capacitors could be used. 

f a r a d  capaci tors  would hold a sufficient charge for about 2 minutes when 

charged to 24 volts. 

The capacitors can  be discharged through the 

Because of the fas t  sampling 

150 micro-  
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